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'HYHORSLQJD5LVN$QDO\VLVDQG'HFLVLRQ0DNLQJ
6WUDWHJ\IRUDQ2IIVKRUH:LQG)DUP
,UDNOLV/D]DNLV0DULD$.RXJLRXPW]RJORX
$EVWUDFW
7KH UHQHZDEOHV VHFWRU DQG SDUWLFXODUO\ RIIVKRUH ZLQG HQHUJ\ LV D IDVW GHYHORSLQJ LQGXVWU\ RYHU WKH ODVW IHZ \HDUV
(VSHFLDOO\DFWLYLWLHVUHODWHGWRWKH,QVWDOODWLRQ2SHUDWLRQDQG0DLQWHQDQFH2	0RIRIIVKRUHZLQGWXUELQHVEHFRPHVD
FKDOOHQJLQJ WDVNZLWK LQKHUHQW ULVNV7KLVSDSHUDVVHVVHV WKH ULVNV UHODWHG WR WKHDERYHVWDJHVRIDZLQGIDUP OLIHF\FOH
XVLQJ WKH )0(&$ )DLOXUH 0RGH (IIHFWV DQG &ULWLFDOLW\ $QDO\VLV DQG +$=,' +D]DUG ,GHQWLILFDWLRQ PHWKRGV $OO
ZRUNV IURP LQVWDOODWLRQ WR2	0 DUH FRQVLGHUHG WRJHWKHU ZLWK WKHZLQG WXUELQH PDLQ FRPSRQHQWV $Q LQWHJUDWHG ULVN
DQDO\VLVPHWKRGRORJ\ LVSUHVHQWHGDGGUHVVLQJSHUVRQQHO6DIHW\ 6(QYLURQPHQWDO LPSDFW ($VVHW LQWHJULW\ $DQG
2SHUDWLRQ27KHDERYHLVVXSSOHPHQWHGE\DFRVWDQDO\VLVZLWKWKHDLGRI%%1%D\HVLDQ%HOLHI1HWZRUNVPHWKRGLQ
RUGHU WR DVVLVW WKH GHFLVLRQ PDNLQJ SURFHVV UHODWHG WR LQVWDOODWLRQ DQG 2	0 WDVNV $OO PDMRU ULVNV DQG FULWLFDO ZLQG
WXUELQH FRPSRQHQWV DUH LGHQWLILHG DV ZHOO DV PHDVXUHV DUH VXJJHVWHG LQ RUGHU WR SUHYHQW RU PLWLJDWH WKHP 0RUHRYHU
LQVSHFWLRQDQGPDLQWHQDQFHSODQVDUHHODERUDWHGLQJHQHUDOIRUWKHPHQWLRQHGDFWLYLWLHV
.H\ZRUGV
5LVNDQDO\VLV2	02IIVKRUHZLQGIDUP)0(&$+$=,'%%1
,QWURGXFWLRQ
:LQGSRZHULVNQRZQWRKXPDQVVLQFHDQFLHQWWLPHV,WLVDIRUPRIHQHUJ\WKDWQRWRQO\KDVQRWLPHRUSODFHUHVWULFWLRQV
EXWLWDOVRFRQWULEXWHVLQUHGXFLQJJUHHQKRXVHJDVHVHPLVVLRQDQGERRVWLQJWKHHFRQRP\RIFRXQWULHVWKDWGHSHQGRQRLO
DQGJDVLPSRUWVIRUWKHHQHUJ\FRYHUDJH>@7KHVHFKDUDFWHULVWLFVPDNHVLWDSSHDOLQJWRLQGXVWU\WKDWWULHVWRH[SORLWLWE\
GHYHORSLQJPRUHDQGPRUHRQVKRUHRURIIVKRUHZLQGIDUPV>@
7KH UDSLGO\H[SDQGLQJQXPEHURIZLQG IDUPVPDNHVTXDQWLI\LQJDQGPDQDJLQJ WKHGLIIHUHQW HOHPHQWVRI ULVN WKDWDUH
SUHVHQW LQ HDFKRI WKH LQVWDOODWLRQRSHUDWLRQ DQGPDLQWHQDQFH VWDJHVRI DZLQG WXUELQHQHFHVVDU\ ,Q WKLV UHVSHFW ULVN
DQDO\VLVDQGGHFLVLRQPDNLQJFDQEHDNH\WKDWZLOOHQDEOHIDVWJURZWKLQYHVWPHQWVIXUWKHUWHFKQRORJLFDOGHYHORSPHQW
DQGUHDVRQDEOHFRVWRIHQHUJ\
7KLVSDSHUSUHVHQWV WKHVWXG\UHJDUGLQJWKHLQYHVWLJDWLRQDQGDVVHVVPHQWRI WKHULVNDQGUHOLDELOLW\IHDWXUHVRIRIIVKRUH
ZLQGWXUELQHVDWGLIIHUHQWVWDJHVRILWVOLIHWLPHDQGLGHQWLILFDWLRQRIWKHFULWLFDOFRPSRQHQWVLQWHUPVRIWKHLURSHUDWLRQLQ
RUGHU WR LQFUHDVH WKHLU DYDLODELOLW\ DQGRSHUDELOLW\ FKDUDFWHULVWLFV$ ORWRI ULVNDQDO\VLVPHWKRGV IRUPHUO\RU FXUUHQWO\
XVHG LQ WKH RIIVKRUH UHQHZDEOHV DQG RLO DQG JDV VHFWRUV LV H[DPLQHG DV VKRZQ LQ VHFWLRQ  7KH GHVFULSWLRQ RI ZLQG
WXUELQHDQG WKHGHPRELOL]DWLRQRI LWVFRPSRQHQWV LVGHPRQVWUDWHGFRPSUHKHQVLYHO\ LQVHFWLRQDVZHOODV WKHRYHUDOO
ULVNDQDO\VLVPHWKRGRORJ\LQFOXGLQJWKH+$=,'DQG)0(&$DSSURDFKHVZKLFKDUHFRPSOHPHQWHGZLWKULVNPDWULFHV
IRUYDULRXVFRQVHTXHQFHFDWHJRULHV$OVRWKHFRVWEHQHILWDQDO\VLVZLWK%%1VLVSUHVHQWHGLQWKHVDPHVHFWLRQ,Q6HFWLRQ
WKHRXWFRPHVRIWKHDQDO\VHVDQGWKHVLPXODWLRQVDUHVXEPLWWHGKLJKOLJKWLQJWKHSRVVLEHKLJKULVNDUHDVDQGWKHPRVW
FRVWO\ FRPSRQHQWV )LQDOO\ FRQFOXVLRQV DQG UHFRPPHQGDWLRQV IRU IXWXUH UHVHDUFK RQ WKH FXUUHQW VWXG\ DUH VKRZQ LQ
VHFWLRQ

,UDNOLV /D]DNLV 'HSDUWPHQW RI 1DYDO $UFKLWHFWXUH 2FHDQ DQG 0DULQH (QJLQHHULQJ 8QLYHUVLW\ RI 6WUDWKFO\GH 
0RQWURVH6WUHHW*ODVJRZ*/=6FRWODQG
0DULD$.RXJLRXPW]RJORX+HOOHQLF7DQNHUV.LILVLDV.LILVLD$WKHQV*UHHFH
&RUUHVSRQGLQJDXWKRU
0DULD $ .RXJLRXPW]RJORX +HOOHQLF 7DQNHUV .LILVLDV  .LILVLD $WKHQV *UHHFH  (PDLO
PDUDNLNJO#JPDLOFRP


/LWHUDWXUHUHYLHZ
5LVNLVGHILQHGLQDGLIIHUHQWZD\E\HDFKRQHRIXVVRWKHUHLVQRWDXQLYHUVDOGHILQLWLRQRI³ULVN´*HQHUDOO\LWLQFOXGHVD
FRPELQDWLRQRISUREDELOLWLHVRIRFFXUUHQFHDQGFRQVHTXHQFHVRIDQXQZDQWHGRXWFRPH>@&RQVHTXHQFHV
FDQEH ORVVRI OLIH LQMXULHVHQYLURQPHQWDOVRFLDODQGHFRQRPLF LPSDFWV >@2WKHUYLHZVIRFXVRQERWK
SRVLWLYHDQGQHJDWLYHDVSHFWVRIULVN>@DQGDUJXHWKDWRQHVKRXOGQRWHOLPLQDWHWKHRWKHU
+D]DUGLVDVVRFLDWHGZLWKULVNEXWWKH\DUHQRWWKHVDPH$FFRUGLQJWR:+2>@KD]DUGLVWKH³,QKHUHQWSURSHUW\RIDQ
DJHQWRUVLWXDWLRQKDYLQJWKHSRWHQWLDOWRFDXVHDGYHUVHHIIHFWVZKHQDQRUJDQLVPV\VWHPRUVXESRSXODWLRQLVH[SRVHG
WRWKDWDJHQW´6LPLODUO\>@GHVFULEHKD]DUGDVVLWXDWLRQOLNHO\WRFDXVHKDUPLQMXULHVDQGGDPDJH6R
ZKLOH³KD]DUGLVDQ\VRXUFHRISRWHQWLDOGDPDJHKDUPRUDGYHUVHKHDOWKHIIHFWVRQVRPHWKLQJRUVRPHRQHXQGHUFHUWDLQ
FRQGLWLRQV´³ULVNLVWKHFKDQFHRUSUREDELOLW\WKDWVRPHWKLQJRUVRPHRQHZLOOH[SHULHQFHDQDGYHUVHHIIHFWLIH[SRVHGWR
DKD]DUG´>@
$ SUREDELOLW\ LV WKH ZD\ ZH KDYH WR H[SUHVV TXDQWLWDWLYHO\ WKH OLNHOLKRRG RI DQ HYHQW RU FRQVHTXHQFH WR KDSSHQ
$FFRUGLQJ WRSDVWSDSHUV >  @SUREDELOLW\FDQEHHLWKHUDVXEMHFWLYHPHDVXUHRIXQFHUWDLQW\ LI LWFRPHV IURP
H[SHUW¶V MXGJPHQWRUDFODVVLFDO VWDWLVWLFDODSSURDFK'HWHUPLQDWLRQRIDSUREDELOLW\DQGGHFLVLRQPDNLQJ LQHDFKFDVH
LQYROYHV D FHUWDLQGHJUHHRIXQFHUWDLQW\ WKDW GHULYHV IURPRXU ODFNRI LPSRUWDQW LQIRUPDWLRQ >   @'HFLVLRQ
PDNHUVIDFHXQFHUWDLQW\ZKHQHLWKHUWKHSUREDELOLWLHVRUWKHFRQVHTXHQFHVDUHXQNQRZQRUWKHUHDUHPXOWLSOHRXWFRPHV
IRU HDFK DOWHUQDWLYH DQG WKDW LV WKHGLIIHUHQFHZLWK ULVN VLQFH ULVN H[LVWVZKHQZHNQRZDOO WKH FRQVHTXHQFHVEXWQRW
ZKLFKZLOOGHILQLWHO\RFFXU>@
7KHVXEMHFWRIULVNDQDO\VLVULVNDVVHVVPHQWDQGULVNPDQDJHPHQWLQJHQHUDOLVDUHODWLYHO\QHZEXWH[WHQVLYHO\H[SORUHG
DUHDZLWKYDULRXVVWXGLHVFRQWULEXWLQJWRLWVWKRURXJKH[DPLQDWLRQ(IIHFWLYHULVNPLWLJDWLRQLVGHVLUDEOHE\DOOLQGLYLGXDOV
DQGFRPSDQLHVDQG ULVNPDQDJHPHQW LVRUVKRXOGEHDSSOLHG WRDOO VWDJHVRIDSURMHFW OLIHWLPH >@(VSHFLDOO\ LQ WKH
PDULWLPHDQGRIIVKRUHLQGXVWU\WKHDLPLVWRUHGXFHWKHULVNVIURPPDMRUKD]DUGVWKDWFRXOGMHRSDUGL]HWKHLQWHJULW\RIWKH
RIIVKRUHVWUXFWXUHDQGWKHKHDOWKDQGVDIHW\RIWKHZRUNIRUFHDQGHQVXUHWKHSURWHFWLRQRIWKHHQYLURQPHQW>@7KH
FRUUHFW LGHQWLILFDWLRQ RI WKH KD]DUGV DQG WKHLU FRQVHTXHQFHV LV D NH\ LVVXH LQ SURYLGLQJ LQIRUPDWLRQ WR DLG GHFLVLRQ
PDNLQJDQGLQFUHDVHWKHOHYHORIDSURMHFWVXFFHVV7KXVWKHUHDUHPDQ\WRROVSURFHVVHVWHFKQLTXHVDQGPHWKRGRORJLHV
GHYHORSHGQRZDGD\VWRFRYHUWKLVQHHG
6RPHRI WKHPDLQVWDQGDUGV IRU ULVNPDQDJHPHQWDUH WKRVH$XVWUDOLDQ6WDQGDUGV1HZ=HDODQG6WDQGDUGV
$VVRFLDWLRQ IRU 3URMHFW 0DQDJHPHQW >@  3URMHFW 5LVN $QDO\VLV 	 0DQDJHPHQW 35$0 *XLGH QG HGLWLRQ >@
3URMHFW0DQDJHPHQW,QVWLWXWH>@*XLGHWRWKH3URMHFW0DQDJHPHQW%RG\RI.QRZOHGJH30%R.&KDSWHU>@
,62,(&>@6WDQGDUGVDQGPDQ\PRUH
0RUHVSHFLILFDOO\ IRURIIVKRUHRLODQGJDV LQGXVWU\ +6( LQWURGXFHG WKH6DIHW\&DVHDSSURDFK LQ>@ LQZKLFK
JXLGHOLQHVDUHJLYHQWRRSHUDWRUVRIHDFKRIIVKRUHLQVWDOODWLRQILHOGIRU³UHGXFLQJWKHULVNVIURPPDMRUDFFLGHQWKD]DUGVWR
WKHKHDOWKDQGVDIHW\RI WKHZRUNIRUFHHPSOR\HGRQRIIVKRUH LQVWDOODWLRQVRU LQFRQQHFWHGDFWLYLWLHV´$IWHU WKDWPDQ\
VWDQGDUGVDQGFRGHVKDYHEHHQHVWDEOLVKHGWKHODVW\HDUVDVJXLGHOLQHVIRUWKLVSXUSRVH$OWKRXJKWKH\UHIHUPDLQO\WRRLO
LQGXVWU\WKH\FDQKDYHDJRRGDSSOLFDWLRQRQZLQGLQGXVWU\7KHPRVWLPSRUWDQWRIWKHPDUHIURP,62>@+6(>@
'19>@,02>@$%6>@25('$>@DQG1RUVRN>@
$SDUWIURPVWDQGDUGVWKHUHDUHYDULRXVVRIWZDUHWRROVIRUULVNDQDO\VLVYDOXDEOHIRUWKHLQGXVWU\EDVHGRQDTXDQWLWDWLYH
DSSURDFKRIULVNDVVHVVPHQW7KHVHDUH5%05LVN%DVHG0DQDJHPHQW,,UHOHDVHGIURPWKH'XWFK*RYHUQPHQW3+$67
DQG 6\QHUJL /LIH 5LVN 0DQDJHPHQW IURP'19 */ 6+(3+(5' D VRIWZDUH SURSHUW\ RI 6KHOO *OREDO 6ROXWLRQV
5,6.&859(6 WKDW LV DQ LQWHJUDWHG 45$ VRIWZDUH IURP712 ())(&76 WKDW LV D FRQVHTXHQFH DQDO\VLV DQG GDPDJH
FDOFXODWLRQVRIWZDUHIURP712+$06$*$56ZKLFKLVD45$VRIWZDUHIURP+$06*365,6.$1DQGPDQ\PRUH
>@
7KH PRVW NQRZQ WHFKQLTXHV RI KD]DUG LGHQWLILFDWLRQ DUH ([SHUW -XGJPHQW &KHFN /LVWV DQG WKH VWUXFWXUHG WHFKQLTXHV
+$=,' +D]DUG ,GHQWLILFDWLRQ 3+$ 3URFHVV +D]DUG $QDO\VLV :KDW,) 0HWKRG )7$ )DXOW 7UHH $QDO\VLV (7$
(YHQW 7UHH $QDO\VLV )0($)0(&$ )DLOXUH 0RGH (IIHFWV DQG &ULWLFDOLW\ $QDO\VLV +$=23 +D]DUG DQG
2SHUDELOLW\0RQWH&DUOR6LPXODWLRQDQG5LVN5DQNLQJ0DWUL[>@$OORIWKHPFDQEHDSSOLHGLQRXUDUHDRILQWHUHVW


RIIVKRUH LQVWDOODWLRQVDQGPRUHVSHFLILFDOO\RIIVKRUHZLQGIDUPVZLWK)0(&$DQG+$=,' WKH WZRPHWKRGV WKDWDUH
XVHGLQWKLVVWXG\EHLQJWZRRIWKHPRVWSRSXODU
$IWHUDOO WKHQHFHVVDU\ LQIRUPDWLRQDERXWSRVVLEOHULVNV LVJDWKHUHG ULVNHYDOXDWLRQ LVH[HFXWHG7KHPRVWZHOONQRZQ
PHWKRGRIULVNHYDOXDWLRQLV$/$53$V/RZ$V5HDVRQDEO\3UDFWLFDO7KHLGHDLQWKLVPHWKRGLVWKDWWKHULVNVKRXOG
EHPLQLPL]HGWRDSRLQWZKHUHLWLVDFFHSWDEOHEXWZLWKRXWH[SHQGLQJJURVVO\GLVSURSRUWLRQDWHFRVWWLPHDQGHIIRUW>@
5HJDUGLQJGHFLVLRQPDNLQJLQWKHIUDPHRIULVNPLWLJDWLRQDQG$/$53RQHRIWKHVWURQJHVWWRROVWKDWGHFLVLRQPDNHUV
KDYH WR GHDO ZLWK WKHSUREOHPV UDLVHG LV%D\HVLDQ %HOLHI 1HWZRUNV %%1V D WRRO IRU PRGHOLQJXQGHU XQFHUWDLQW\ E\
XVLQJFRQGLWLRQDOSUREDELOLVWLFFDOFXODWLRQVDQGJUDSKLFDOUHSUHVHQWDWLRQRIWKHORJLFDOUHODWLRQVKLSVEHWZHHQYDULDEOHV
5LVN PDQDJHPHQW SURFHVV LQ JHQHUDO LQFOXGHV VHWWLQJ XS WKH FRQWH[W DVVHVVLQJ WKH ULVN KD]DUG LGHQWLILFDWLRQ ULVN
DQDO\VLVDQGULVNZHLJKLQJKDQGOLQJWKHULVNVPRQLWRULQJFRPPXQLFDWLRQDQGFRQVXOWDWLRQDVZHOODVWKHFRQQHFWLRQ
EHWZHHQ WKHVH SURFHGXUHV 7KH HIILFLHQF\ RI 5LVN PDQDJHPHQW GHSHQGV RQ WKH VHOHFWLRQ RI WKH ULVN PHWKRG 7KH
VXLWDELOLW\RIHDFKPHWKRGGHSHQGVRQLWVVWUHQJWKVDQGZHDNQHVVHVDQGRQWKHQHHGVRIWKHSURMHFW8VXDOO\WZRRUPRUH
PHWKRGV DUH FRPELQHG LQ RUGHU WR FRYHU DOO VWDJHV RU QHHGV RI D SURMHFW¶V OLIHF\FOH DQG HDFK RWKHU¶V ZHDNQHVVHV DQG
IODZV  7KLV SURFHGXUH KDV DOVR EHHQ IROORZHG KHUH  +$=,' FDQQRW VXSSRUW PXFK GHWDLO DQG LW LV XVXDOO\ XVHG IRU
RSHUDWLRQDOSURFHGXUHV)0(&$¶VFRPSOH[LW\DQGWKHHYHULQFUHDVLQJOLVWRISRVVLEOHIDLOXUHPRGHVRIWKHFRPSRQHQWV
PDNH LW GLIILFXOW WR EH ZLGHO\ DSSOLHG $ VSKHULFDO DQG JHQHUDO RYHUYLHZ WKRXJK RI ERWK PHFKDQLFDO DQG RSHUDWLRQDO
DVSHFWV RI DQ RIIVKRUH ZLQG WXUELQH FDQ EH REWDLQHG ZKHQ FRPELQLQJ WKHVH WZR PHWKRGV $GGLWLRQDOO\ D ILQDQFLDO
SHUVSHFWLYHRQWKHFRVWRIFULWLFDOFRPSRQHQWVDQGWKHLUIDLOXUHSUREDELOLWLHVFDQEHDVVHVVHGWKURXJK%%1DQDO\VLV
FMEA/FMECA-HAZID 
)0($LVRQHRIWKHILUVWV\VWHPDWLFWHFKQLTXHVXVHGWRLGHQWLI\SUREOHPWKDWPD\RULJLQDWHIURPV\VWHPPDOIXQFWLRQV
7KHFRQFHSWRI)0($LVUHYLHZLQJDOOWKHFRPSRQHQWVRIDV\VWHPDQGWKHFDXVHVRUWKHZD\VLQZKLFKDV\VWHPFDQIDLO
)DLOXUH 0RGH DQG WKHQ WKH FRQVHTXHQFH RI WKHVH IDLOXUHV 7KH FRQVHTXHQFHV FDQ EH FDWHJRUL]HG LQ WHUPV RI VDIHW\
UHOLDELOLW\DQGHQYLURQPHQWDOHIIHFW>@)0(&$)DLOXUH0RGHV(IIHFWVDQG&ULWLFDOLW\$QDO\VLVLVWKH
H[WHQGHGPRGHORI)0($VRWKDWFULWLFDOLW\LVWDNHQLQWRDFFRXQW,WLVPDLQO\XVHGWRUDQNWKHIDLOXUHPRGHEDVHGRQWKH
VHYHULW\RI WKHLUFRQVHTXHQFHV)0($)0(&$DUHXVXDOO\TXDOLWDWLYHRUVHPLTXDQWLWDWLYHDQGFDQEHDSSOLHGDWDQ\
SKDVHRISURMHFWOLIHF\FOHSUHIHUDEO\DWWKHHDUO\VWDJHVRIDSURMHFWVLQFHWKHGHVLJQHUVFDQKDYHWKHDELOLW\WRFKDQJHWKH
SUREDELOLWLHVRI WKHFULWLFDO IDLOXUHV >@)0(&$ZDVRULJLQDOO\SDUWRI ULVNPDQDJHPHQW WHFKQLTXHVGHYHORSHG IRU
GHIHQVHDQGQXFOHDULQGXVWULHVLQWKH¶V,WZDVIRUPDOO\GHYHORSHGDQGDSSOLHGE\1$6$LQWKH¶VWRJXDUDQWHH
UHOLDELOLW\ RI VSDFH SURJUDP KDUGZDUH DQG ZDV TXLFNO\ DGRSWHG E\ DHURVSDFH SHWUROHXP FKHPLFDO DQG DXWRPRWLYH
LQGXVWULHV>@
)0($ DQG )0(&$ W\SLFDOO\ FRQVLVW RI VHYHUDO VWDJHV 'HILQLWLRQ RI WKH V\VWHP FRPSRQHQWV LV WKH ILUVW VWHS RI WKH
DQDO\VLV7KHQ LGHQWLILFDWLRQRIHDFKFRPSRQHQW¶V IDLOXUHPRGHDVZHOODV WKHLUHIIHFWV LV WKHQH[WFUXFLDO OHYHO WR WKH
)0($)0(&$DSSURDFK1H[WLPSRUWDQWVWHSLVDQDO\]LQJWKHFULWLFDOLW\RIHDFKIDLOXUHDQGDOVRHVWLPDWLQJWKHLUUDWH
5DQNLQJRIIDLOXUHPRGHVDQGGHWHUPLQDWLRQRIFULWLFDOLWHPVLVDQRWKHULPSRUWDQWVWDJHRIWKHSURFHGXUHWKDWGXHWRWKH
VXEMHFWLYLW\ RI WKH DSSOLHU D ORW RI DWWHQWLRQ DQG WKRURXJK UHYLHZ RI WKH SDUDPHWHUV QHHG WR EH LPSOHPHQWHG 'HVLJQ
SURFHVVWKHQDEVRUEVWKHPHWKRG¶VUHVXOWVDQGKHOSVLGHQWLI\LQJPHDQVRIIXWXUHUHYLHZLQJDQGVXJJHVWLQJLPSURYHPHQWV
LQGHVLJQ
'HSHQGLQJRQWKHDQDO\VLVZHZDQWWRFRQGXFWDSURSHU)0(&$ZRUNVKHHWKDVWREHIRUPHG$UHSUHVHQWDWLYHZRUNVKHHW
LVSUHVHQWHGEHORZZKHUHWKHQDPHIXQFWLRQDQGRSHUDWLRQDOPRGHRIHDFKHOHPHQWLVPHQWLRQHGDQGDOVRDOOSRWHQWLDO
IDLOXUHPRGHVIRUHDFKIXQFWLRQDQGRSHUDWLRQDOPRGH$OVRWKHIDLOXUHPHFKDQLVPVFRUURVLRQHURVLRQIDWLJXHHWFIRU
HDFK IDLOXUH PRGH KDYH WR EH OLVWHG DQG WKHLU DFFHSWDQFH FULWHULD KDYH WR EH FKRVHQ %HIRUH WKH ILQDO GHFLVLRQ RI WKH
FULWHULDFDWHJRULHVDORWRIUHYLHZVDQGSDSHUVZHUHWDNHQLQWRFRQVLGHUDWLRQ0DLQUHIHUHQFHVZHUH,02DQG,62VRXUFHV
RQ WKH GHYHORSPHQW RI ULVN PDWULFHV )6$ DSSOLFDWLRQV DQG QXFOHDU SURMHFWV ZKHUH QXPEHU RI FDVHV LV VPDOO DQG
WHFKQRORJ\ PD\ EH REVROHWH EXW GXH WR FDWDVWURSKLF FRQVHTXHQFHV WKHLU RXWFRPHV PXVW EH WDNHQ LQWR VHULRXV
FRQVLGHUDWLRQ$IWHUWKRURXJKUHYLHZZHILQDOL]HGRXUPDWULFHVDVEHORZ>@
7KH OLNHOLKRRG RI WKHLU GHWHFWLRQ ZDV HYDOXDWHG ZLWK D UDQNLQJ WKDW LV XVXDOO\ GLYLGHG LQWR ILYH FDWHJRULHV  DOPRVW
LPSRVVLEOHORZPRGHUDWHKLJKDOPRVWFHUWDLQ7KHHIIHFWVWKDWDIDLOXUHPD\KDYHRQWKHVXEV\VWHPLWVHOI


RU RQ RWKHU FRPSRQHQWV DV ZHOO DV IDLOXUH UDWHV VKRXOG DOVR EH OLVWHG DQG FODVVLILHG PRVW FRPPRQO\ WR D ILYHOHYHO
UDQNLQJ  KLJO\ XQOLNHO\  UHPRWH  RFFDVLRQDO  SUREDEOH DQG  YHU\ IUHTXHQW 7KH VHYHULW\ RI WKH IDLOXUH
PRGHV UHJDUGLQJ WKH JOREDO HIIHFWV KDV WR EH HYDOXDWHG DQG UDQNHG LQWR ILYH FDWHJRULHV WKDW LQ PRVW FDVHV IRU
FRPSXWDWLRQDOUHDVRQVDUHUHSUHVHQWHGIURPQXPEHUVWRUHSUHVHQWLQJPLQRUPDUJLQDOPDMRUFULWLFDO
DQGFDWDVWURSKLF,WFDQEHDVVXPHGKHUHWKDWFDWHJRULHVDUHUHODWHGZLWKIDWDOLW\WRHTXDOPDMRULQMXULHVDQG
PLQRURQHV)LQDOO\PLWLJDWLRQPHDVXUHVWKDWFRXOGSUHYHQWIDLOXUHVKRXOGEHPHQWLRQHG
7KHULVNVOLQNHGWRIDLOXUHPRGHVLVDIXQFWLRQRIIUHTXHQF\RIWKHIDLOXUHPRGHDQGFRQVHTXHQFHVRIWKHRXWFRPHVDQG
FDQEHSUHVHQWHGLQWKHIRUPRIDULVNUDQNLQJPDWUL[WRSULRULWL]HWKRVHWKDWQHHGLPPHGLDWHPDQDJHPHQW
$QDOWHUQDWLYHWRULVNUDQNLQJPDWUL[LVWKHULVNSULRULW\QXPEHU531ZKLFKLVGHILQHGDV
531  	 ?  	 ? 
:KHUH
6LVWKHUDQNRIVHYHULW\RIWKHIDLOXUHPRGHWDNHQIURPWKHVHYHULW\PDWUL[
2LVWKHUDQNRIRFFXUUHQFHRIWKHIDLOXUHPRGHWDNHQIURPWKHRFFXUUHQFHPDWUL[
'LVWKHUDQNRIGHWHFWLRQRIWKHIDLOXUHPRGHWDNHQIURPWKHGHWHFWLRQPDWUL[
7KH531LVQRWDPHDVXUHRI ULVNEXWRI ULVNSULRULW\7KHVPDOOHU WKH531LV WKHEHWWHUVLQFH\RXFDQGHDOZLWK WKLV
KD]DUGODWHU%DVHGRQWKHVHWZRWRROV WKHUHVSRQVLEOH WHDPVKRXOGGHFLGHZKHWKHU WKHV\VWHPLVDFFHSWDEOHRUQRWDQG
SURSRVH LPSURYHPHQWV WKDW ZLOO UHGXFH WKH OLNHOLKRRG RI RFFXUUHQFH RI IDLOXUH UHGXFH WKH FRQVHTXHQFHV RI IDLOXUH RU
LQFUHDVHWKHIDLOXUHGHWHFWLRQSUREDELOLW\$IWHUWKHLPSURYHPHQWVWKH)0(&$ZRUNVKHHWVDQG531KDYHWREHUHYLVHG
DQGXSGDWHG>@
7KHPDLQGUDZEDFNVRI)0(&$PHWKRGLVWKHOLPLWDWLRQLQH[DPLQDWLRQRIKXPDQDQGRWKHUH[WHUQDOIDFWRUVDVZHOODV
IRFXVLQJ RQ D VLQJOH LQLWLDWLQJ HYHQW DQG RQ WKH PRGH RI RSHUDWLRQ )XUWKHUPRUH DQDO\VLV LV PDLQO\ EDVHG RQ WHDP
H[SHULHQFHRQHYDOXDWLQJWKHIDLOXUHPRGHVRIWKHFRPSRQHQWVLQGXFWLQJVXEMHFWLYLW\LQWKHSURFHGXUH>@
+$=,'LVRQHRIWKHPRVWFRPPRQDQGIUHTXHQWXVHGWHFKQLTXHVIRUKD]DUGLGHQWLILFDWLRQEHLQJFDUULHGRXWDWWKHILUVW
VWDJHVRIDSURMHFWZKHUHQRWPXFKGHWDLOLVUHTXLUHG>@,Q+$=,'WKHSURFHVVLVGLYLGHGLQWRQRGHVDQGZLWKWKHDLG
RISUHGHILQHGJXLGHZRUGVIRUKD]DUG LGHQWLILFDWLRQDOOXQGHVLUDEOHFRQVHTXHQFHVDVVRFLDWHGZLWK WKHGHILQHGQRGHDUH
LGHQWLILHG&RQVHTXHQFHVDUHGLYLGHGLQWREURDGFDWHJRULHVVXFKDVKXPDQLPSDFWVHQYLURQPHQWDOLPSDFWVDQGHFRQRPLF
LPSDFWV WKDW DUH WKHQ GLYLGHG LQ VXEFDWHJRULHV EDVHG RQ WKH W\SH RI FRQVHTXHQFH &KHFNOLVWV IURP SUHYLRXV VLPLODU
+$=,'FDQEHXVHGWRDVVLVW WKHSURFHGXUHV7KHVDPHPHWKRGRORJ\DVWKH)0(&$LVIROORZHGDQGULVNPDWULFHVDUH
FRQVWUXFWHGDVZHOO,WVDSSOLFDWLRQLVZLGHIURPPDULQHDQGRIIVKRUHLQGXVWULHVWRQXFOHDUVHFWRU
6LQFH+$=,'LVDSSOLHGWRDOODVSHFWVDQGRSHUDWLRQVDQGDFRPSOHWHHYDOXDWLRQRIDOOKD]DUGVLVSHUIRUPHGDQH[WHQGHG
OLVW RI SRWHQWLDO KD]DUGV DQG UHFRPPHQGDWLRQV IRU DYRLGDQFH LV SURGXFHG 7R WKLV UHVSHFW D ZHOOGHILQHG V\VWHP RU
DFWLYLW\LVUHTXLUHGLQRUGHUWRPLQLPL]HWLPHQHHGHGIRUWKHDQDO\VLV>@
+$=,'¶V LQGHSWK DQG WLPH FRQVXPLQJDQDO\VLV FDQ FRXQWHUEDODQFH DQ\RPLVVLRQV WKDW FDQ FRPHRI DQDO\VWV¶ ODFNRI
H[SHULHQFHDVLQWKHFDVHRI)0(&$$OVRVLQFH)0(&$FRYHUVPDLQO\HTXLSPHQWIDLOXUHPRGHVDQGHIIHFWV+$=,'
FRPHVWRILOOWKHJDSLQVDIHW\UHODWHGVWXGLHV
BBN  
5HDVRQLQJZLWKXQFHUWDLQW\LVFRPPRQLQDOODVSHFWVRIHYHU\GD\OLIHVRGHDOLQJZLWKLWKDVIRUFHGVFLHQWLVWVHYHQIURP
VL[WHHQWK FHQWXU\ WR GHYHORS VHYHUDO DSSURDFKHV VXFK DV WKH IUHTXHQWLVW RU WKH VXEMHFWLYH %D\HVLDQ WKDW ZDV ZLGHO\
DGRSWHGLQPRUHUHFHQW\HDUV%D\HVLDQ%HOLHI1HWZRUNVDOVRNQRZQDV%HOLHI1HWZRUNV&DXVDO3UREDELOLVWLF1HWZRUNV
&DXVDO1HWV*UDSKLFDO3UREDELOLW\1HWZRUNVDQG3UREDELOLVWLF&DXVH(IIHFW0RGHOVZHUHILUVWGHYHORSHGLQVDQG
WKH\DUHEDVHGLQVWDWLVWLFVDQGDUWLILFLDOLQWHOOLJHQFHDQGWKH\SURYLGHDVLPSOHZD\RIEXLOGLQJDSLFWXUHRIDGHFLVLRQ


SUREOHP7KH\PDNHD IUDPHZRUN IRUGHFLVLRQVXSSRUW WKDW WDNHV LQWRFRQVLGHUDWLRQYDULDEOHVZLWKXQNQRZQVWDWHDQG
LQIOXHQFH RQ RXWFRPHV 6R LW LV EDVLFDOO\ D WRRO IRU PRGHOLQJ XQGHU XQFHUWDLQW\ E\ XVLQJ FRQGLWLRQDO SUREDELOLVWLF
FDOFXODWLRQVDQGJUDSKLFDOUHSUHVHQWDWLRQRI WKHORJLFDOUHODWLRQVKLSVEHWZHHQYDULDEOHV7KLVPHWKRGLVDPRUHIOH[LEOH
WRROWKDQRWKHUPHWKRGV)7$')7$(7$HWFDVLWFDQFRPELQHREMHFWLYHDQGVXEMHFWLYHGDWDOLNHH[SHUWMXGJPHQWDQG
FDQUHVROYHVRPHGLVDGYDQWDJHVWKDWPRUHWUDGLWLRQDOPHWKRGVKDYHDVLQWULQVLFOLPLWDWLRQVVXFKDVV\VWHPDQGFRPSRQHQW
LQWHUFRQQHFWLYLWLHVLQPXOWLSOHOD\HUVVRWKDWWKH\VLPXODWHUHDOVWDWHFRQGLWLRQVIDXOWGHWHFWLRQDQGV\VWHPGHJUDGDWLRQ
>@
7KHDSSURDFKLVEDVHGRQFRQFHSWXDOL]LQJDPRGHOGRPDLQRILQWHUHVWDVDJUDSKRIFRQQHFWHGQRGHVDQGOLQNDJHV,QWKH
JUDSKQRGHV UHSUHVHQWYDULDEOHV  ൌ ଵǡ ǥ ǡ ୧ǡ ǥ ǡ ୬ DQG DUFV UHSUHVHQWGLUHFW FRQQHFWLRQVEHWZHHQ WKHP ୧ B ? ୨
3UREDELOLVWLFUHODWLRQVUDWKHUWKDQGHWHUPLQLVWLFDUHXVHGWRGHVFULEHWKHGHSHQGHQF\UHODWLRQV>@
7KHFRQVWUXFWLRQRID%%1LVVLPSOHEXWDVWKHYDULDEOHVLQFUHDVHLQQXPEHUWKHFRPSOH[LW\ULVHV)LJXUHVKRZVWKH
ORJLFDOUHODWLRQVKLSEHWZHHQILYHK\SRWKHWLFDOYDULDEOHV$WKURXJK('LVFDOOHGSDUHQWRUSUHGHFHVVRURI%(TXLYDOHQWO\
%LVFDOOHGDFKLOGRUGHVFHQGDQWRI'7KHDUURZLOOXVWUDWHVWKDWWKHSDUHQWQRGHKDVDGLUHFWLQIOXHQFHRQWKHFKLOGQRGH
'DQG(GRQRWKDYHDQ\SDUHQWVDQGDUHFDOOHGURRWQRGHV$GRHVQRWKDYHDQ\GHVFHQGDQWVDQGLWLVFDOOHGOHDI7KH
FRQGLWLRQDOSUREDELOLWLHVDUHVSHFLILHGIRUHDFKQRGHWRUHSUHVHQWWKHLQIOXHQFHRIWKHSDUHQWQRGHVRQLWVYDOXHXVLQJWKH
FKDLQUXOHIURPSUREDELOLW\WKHRU\O?ǡ ǡ ǡ ǡ O?ൌ O?Ȁǡ ǡ ǡ O? 	 ? O?Ȁǡ ǡ O? 	 ? O?ȀO? 	 ? O?O? 	 ? O?O?


)LJXUHD6FKHPDWLF%%1GLDJUDP

7KXV WKH %%1 VWUXFWXUH UHSUHVHQWV WKH LQGHSHQGHQFH EHWZHHQ WKH YDULDEOHV E\ XVLQJ FRQGLWLRQDO SUREDELOLWLHV WKDW
UHSUHVHQWWKHGHJUHHRIEHOLHILQWKHVHUHODWLRQVKLSV>@0DLQDGYDQWDJHRIWKLVPHWKRGLVWKHFRPSUHKHQVLEOHJUDSKLF
GLVSOD\RILQWHUUHODWLRQRIH[DPLQHGV\VWHPDQGIDLOXUHPRGHV



)LJXUHE%%1GLDJUDPVKRZLQJSRVVLEOHIDLOXUHFDXVHVRIDZLQGWXUELQH¶VIRXQGDWLRQ
%%1 FRQVWUXFWLRQ KDV IRXU VWDJHV 7KH ILUVW WZR VWDJHV DUH SUREOHP VWUXFWXULQJ ,Q WKHVH VWDJHV WKH YDULDEOHV DUH
LGHQWLILHGDQGH[SUHVVHGDVVWDWLVWLFDOYDULDEOHVDQGWKHQHWZRUNVWUXFWXUHLVGHFLGHG7KHWKLUGVWDJHLVLQVWDQWLDWLRQ,Q
WKLVVWDJHWKHFRQGLWLRQDOSUREDELOLWLHVWKDWPD\EHGHULYHGIURPGDWDRUEDVHGRQH[SHUWMXGJPHQWDUHVSHFLILHGDQGWKH
DVVHVVPHQW IXQFWLRQV DUHGHWHUPLQHG 7KH IRXUWK VWDJH LV LQIHUHQFH ,Q WKLV VWDJH HYLGHQFH LQ WKH IRUPRINQRZOHGJH
DERXWWKHVWDWHVRIWKHYDULDEOHVLVXVHGWRXSGDWHWKHSUREDELOLWLHVRIDOOQRGHVE\HIILFLHQWDOJRULWKPV7KLVSURFHGXUHLV
FDOOHGSURSDJDWLRQDQG LW FDQEHTXLWHGLIILFXOW WRSHUIRUPDVH[DFWSURSDJDWLRQ LVRQO\ IHDVLEOH IRU VPDOOQHWZRUNVRU
GLVFUHWHYDULDEOHV$SSUR[LPDWLRQDOJRULWKPVWKRXJKKDYHEHHQGHYHORSHGIRUODUJHUQHWZRUNVDQGFRQWLQXRXVYDULDEOHV
>@
2IIVKRUH UHQHZDEOH HQHUJ\ VHFWRU KDV VHHQ QXPHURXV GHYHORSPHQWV LQ WKH ODVW IHZ \HDUV DV VKRZQ DERYH DQG
XQGRXEWHGO\KDVDSURPLVLQJIXWXUH.HHSLQJWKLVLQRXUPLQGDULVNDQDO\VLVPHWKRGRORJ\VXJJHVWHGIRULPSOHPHQWDWLRQ
RQDZLQGIDUPLVSUHVHQWHGLQWKHQH[WVHFWLRQ
0HWKRGRORJ\
,QWKLVVHFWLRQDIORZFKDUWZLWKWKHVXJJHVWHGULVNDQDO\VLVPHWKRGRORJ\LVVKRZQLQ)LJXUH



)LJXUH0HWKRGRORJ\IORZFKDUW
7KHILUVWVWHSLVWRGHFRPSRVHDZLQGWXUELQHDQGLGHQWLI\LWVPDLQFRPSRQHQWVDVZHOODVWKHDFWLYLW\DUHDVWKDWZHDUH
LQWHUHVWHG LQ7KHQH[W VWDJH LV WKHGHWHUPLQDWLRQRI WKHDFFHSWDQFHFULWHULD VR WKDW WKH UHVXOWVRI WKH ULVNDQDO\VLV DUH
FRPSDUHG ZLWK VRPH SUHGHILQHG VWDQGDUGV $IWHU WKLV VWDJH WKH ULVN DQDO\VLV¶ PDLQ SDUW WDNHV SODFH $W ILUVW KD]DUG
LGHQWLILFDWLRQDQGKD]DUGDVVHVVPHQWLVGRQH7KHQWKHULVNPDQDJHPHQWLVFRQGXFWHGZKHUHWKHSRWHQWLDOKD]DUGVKDYH
WREHHOLPLQDWHGRUSUHYHQWHGIURPRFFXUULQJ$OVR%%1DQDO\VLVZDVXVHGWR LGHQWLI\WKHPRVWFRVWO\FRPSRQHQWVLQ
FDVHRIIDLOXUH)LQDOO\DQXPEHURISURSHUSURDFWLYHPHDVXUHVDUHSURSRVHGLQRUGHUWRPLWLJDWHWKHHIIHFWV
0RUHVSHFLILFDOO\DIWHUWKHILUVWVWHSDVHWRIVL[WHHQVXEDVVHPEOLHVDQGPDLQSDUWVZDVH[WUDFWHG7DEOH
7DEOH&RPSRQHQWVRIDZLQGWXUELQH
6\VWHPV &RPSRQHQWV
%UDNHV\VWHP %UDNHGLVN6SULQJ0RWRU
&DEOHV 
*HDUER[ 7RRWKHGJHDUZKHHOV3XPS2LOKHDWHUFRROHU+RVHV
*HQHUDWRU +LJKVSHHGVKDIW%HDULQJV5RWRU6WDWRU&RLO
0DLQIUDPH 
0DLQVKDIW /RZVSHHGVKDIW+LJKVSHHGVKDIW%HDULQJV&RXSOLQJV
1DFHOOHKRXVLQJ 1DFHOOH
3LWFKV\VWHP 3LWFKPRWRU*HDUV
3RZHUFRQYHUWHU 3RZHUHOHFWURQLFVZLWFKFDEOH'&EXV
5RWRUEHDULQJV 
5RWRUEODGHV %ODGHV
5RWRUKXE +XE$LUEUDNH
6FUHZV 
7RZHU 7RZHU)RXQGDWLRQ
7UDQVIRUPHU &RQWUROOHUV
<DZV\VWHP <DZGULYH<DZPRWRU
'HFRPSRVLWLRQRID
ZLQGWXUELQH
,GHQWLILFDWLRQRIPDLQFRPSRQHQWVDQGDFWLYLW\
DUHDV
'HWHUPLQDWLRQRIWKHDFFHSWDQFHFULWHULDIRUGHWHFWLRQRFFXUHQFHDQG
VHYHULW\
)0(&$+$=,'+D]DUGLGHQWLILFDWLRQGXULQJ,QVWDOODWLRQ
2SHUDWLRQ0DLQWHQDQFH
&RQGXFWRI5LVN
0DQDJHPHQWEŵĞƚŚŽĚĂŶĂůǇƐŝƐ
3URSRVDORISURSHU
PLWLJDWLRQPHDVXUHV
/DWHU RQ WKH DFWLYLW\ DUHDV WKDW ZH DUH LQWHUHVWHG LQ DUH LGHQWLILHG DQG PRUH VSHFLILFDOO\ LQVWDOODWLRQ RSHUDWLRQ DQG
PDLQWHQDQFHRIDQRIIVKRUHZLQGWXUELQH.HHSLQJWKHVHLQPLQGZHFDQQRZSURFHHGZLWKWKHULVNLGHQWLILFDWLRQXVLQJ
)0(&$DQG+$=,'PHWKRGV
:LWK WKH)0(&$ZHLGHQWLILHG WKHPRVWFULWLFDOFRPSRQHQWVRIDZLQG WXUELQHVLQFH WKLVPHWKRGUHYLHZV WKHZD\V LQ
ZKLFKD V\VWHPFDQ IDLO DQG WKHQ WKHFRQVHTXHQFHVRI WKHVH IDLOXUHV$VPHQWLRQHG LQSUHYLRXVFKDSWHU FRQVHTXHQFH
GHWHFWLRQ DQG SUREDELOLW\ 7DEOHV DUH HVWDEOLVKHG RXWOLQLQJ WKH YDULRXV OHYHOV RI UDQNLQJV DV SUHVHQWHG DQDO\WLFDOO\ LQ
7DEOHV
7DEOH'HWHFWLRQPDWUL[>@
'HWHFWLRQ &ULWHULD/LNHOLKRRGRI'HWHFWLRQE\'HVLJQ&RQWURO 5DQNLQJ
$OPRVWLPSRVVLEOH
'HVLJQFRQWUROZLOOQRWDQGRUFDQQRWGHWHFWDSRWHQWLDO
FDXVHPHFKDQLVPDQGVXEVHTXHQWIDLOXUHPRGHRUWKHUHLVQR'HVLJQ
FRQWURO

/RZ /RZFKDQFHWKH'HVLJQFRQWUROZLOOGHWHFWDSRWHQWLDOFDXVHPHFKDQLVPDQGVXEVHTXHQWIDLOXUHPRGH 
0RGHUDWH 0RGHUDWHFKDQFHWKH'HVLJQFRQWUROZLOOGHWHFWDSRWHQWLDOFDXVHPHFKDQLVPDQGVXEVHTXHQWIDLOXUHPRGH 
+LJK +LJKFKDQFHWKH'HVLJQFRQWUROZLOOGHWHFWDSRWHQWLDOFDXVHPHFKDQLVPDQGVXEVHTXHQWIDLOXUHPRGH 
$OPRVW&HUWDLQ 'HVLJQFRQWUROZLOODOPRVWFHUWDLQO\GHWHFWDSRWHQWLDOFDXVHPHFKDQLVPDQGVXEVHTXHQWIDLOXUHPRGH 

7DEOH2FFXUUHQFHPDWUL[>@
3UREDELOLW\RI)DLOXUH 3RVVLEOH)DLOXUH5DWHV 5DQNLQJ
9HU\IUHTXHQW)DLOXUHLVDOPRVWLQHYLWDEOH )URP! LQ7RLQ 
3UREDEOH5HSHDWHGIDLOXUHV )URPLQ7RLQ 
2FFDVLRQDO2FFDVLRQDOIDLOXUHV )URPLQ7RLQ 
5HPRWH5HODWLYHO\IHZIDLOXUHV )URPLQ7RLQ 
+LJKO\XQOLNHO\)DLOXUHLVXQOLNHO\ )URPLQ7R LQ 



7DEOH6HYHULW\PDWUL[>@
6HYHULW\FODVV 'HVFULSWLRQ 5DQNLQJ
 3HUVRQQHOVDIHW\
(QYLURQPHQWDOLPSDFW

$VVHWLQWHJULW\
 2SHUDWLRQ 
0LQRU 1RLQMXU\ 1RGDPDJHFRQWDPLQDWLRQ 1HJOLJLEOHGDPDJHN
0LQLPDO
RSHUDWLRQORVV $RU
0DUJLQDO 0LQRULQMXU\ILUVWDLG
0LQRUGDPDJHVSLOODJHJRRGHIIHFW
RIFRQWUROPHDVXUHVDIHZGD\V
0LQRUGDPDJH
NN
6KRUWRSHUDWLRQ
ORVVIHZKRXUV %RU
0DMRU
0XOWLSOHPLQRU
LQMXULHVPDMRU
LQMXU\
0DMRUGDPDJHSROOXWLRQORZHIIHFW
RIFRQWUROPHDVXUHVDIHZGD\VWRD
PRQWK
/RFDOLVHG
GDPDJHN
N
0LQRU
UHSODFHPHQW
QHHGHGRSHUDWLRQ
ORVVGD\
&RU
&ULWLFDO 0XOWLSOHPDMRULQMXULHV
&ULWLFDOGDPDJHSROOXWLRQPLQLPDO
HIIHFWRIFRQWUROPHDVXUHVPRUH
WKDQDPRQWK
0DMRUGDPDJH
NP
0DMRUUHSDLU
QHHGHGRSHUDWLRQ
ORVVGD\ZHHN
'RU
&DWDVWURSKLF RUPRUHIDWDOLWLHV
6LJQLILFDQWHQYLURQPHQWDOLPSDFW
PDVVLYHSROOXWLRQPRUHWKDQD\HDU
'DPDJH!P
WRWDOORVV
7RWDORSHUDWLRQ
ORVVUHSODFHPHQW (RU
7KH5LVN3ULRULW\1XPEHU531FDQQRZEHFDOFXODWHGDVDSURGXFWRIWKHSUREDELOLW\LQGH[WKHGHWHFWLRQLQGH[DQGWKH
VHYHULW\LQGH[,QWKLVZD\WKHULVNOHYHOVWKDWFDPHRXWRIWKHSRVVLEOHRXWFRPHVDQGYDU\IURPORZWRKLJKDUHLOOXVWUDWHG
ZLWKDUDQJHRIGLIIHUHQWFRORUVDVLQ7DEOH
7DEOH5LVNLQGH[WDEOH
5LVNLQGH[WDEOH
/RZ5LVNQHJOLJLEOH
0RGHUDWH5LVNWROHUDEOH
6LJQLILFDQW5LVNVSHFLILFPHDVXUHVWREHWDNHQ
+LJK5LVNLQWROHUDEOH

7KH FRQVHTXHQFH SUREDELOLW\ DQG GHWHFWLRQ LQGH[HV DUH UHYLHZHG LQ WHUPV RI 3HUVRQQHO VDIHW\ 6 (QYLURQPHQWDO
SURWHFWLRQ($VVHWLQWHJULW\$DQG2SHUDWLRQRIWKHGHYLFH2&RQVHFXWLYHO\ULVNDQG531LQGH[HVDUHFDOFXODWHGLQ
WKHVDPHWHUPV)LQDOO\DULVNPDWUL[LVIRUPHGDVVKRZQLQ)LJXUHZKHUHWKHSRWHQWLDOULVNVDQGIDLOXUHPRGHVRIWKH
VXEDVVHPEOLHVDUHLGHQWLILHG
7KH+$=,'PHWKRGLVXVHGWR LGHQWLI\WKHSRWHQWLDOKD]DUGVGXULQJPDQXIDFWXUH WUDQVSRUWDWLRQ LQVWDOODWLRQRSHUDWLRQ
DQGPDLQWHQDQFH7KHVHKD]DUGVFDQEH OLQNHG WR WKH WXUELQHV VXFKDV OLIWLQJRSHUDWLRQVDQGRFFXSDWLRQDOGDQJHUVRU


LQGLUHFWO\IRUH[DPSOHEDGZHDWKHURUILUH:HUHSHDWWKHVDPHSURFHGXUHDVLQ)0(&$PHWKRGZLWKWKHGLIIHUHQFHWKDW
D5LVN,QGH[LQVWHDGRIWKH531,QGH[LVQRZFDOFXODWHG7KHIRUPRIWKHPDWUL[LVXVHGVKRZQLQ)LJXUH
$OOGLUHFWDVZHOODV WKHLQGLUHFWKD]DUGVRIDERYHDFWLYLWLHVDUHDQDO\]HGIRUDEHWWHUXQGHUVWDQGLQJRIDOO WKHSRWHQWLDO
ULVNVLQYROYHG'LUHFWKD]DUGVFRQFHUQWKRVHGLUHFWO\UHODWHGWRWKHZLQGWXUELQHVXFKDVRSHUDWLRQRI529V5HPRWHO\
2SHUDWHG 9HKLFOHV XQGHUZDWHU LQVWDOODWLRQ HWF ,QGLUHFW KD]DUGV FRQFHUQ WKH RQHV UHODWHG WR WKH RYHUDOO LQVWDOODWLRQ
DFWLYLW\LQFOXGLQJWKHDVVLVWLQJYHVVHOVDQGFUHZHJHOHFWULFDOVKRFNSROOXWLRQEDGZHDWKHUHWF
5LVNPDQDJHPHQWFRPHVDIWHUWKHLGHQWLILFDWLRQDQGDVVHVVPHQWRIWKHSRWHQWLDOKD]DUGV5LVNVRQWRSRIUDQNLQJKDYHWR
EH GHDOW ZLWK HLWKHU E\ GHVLJQLQJ WKHP RXW LQ WKH LQLWLDO VWDJHV RI D ZLQG WXUELQH E\ SUHYHQWLQJ WKHP WR RFFXU RU E\
DOOHYLDWLQJ WKH HIIHFWV LQ FDVH WKH\ RFFXU )LQDOO\ DQG PRVW LPSRUWDQWO\ SURDFWLYH PHDVXUHV DQG HPHUJHQF\ UHVSRQVH
DFWLRQV IRU SUHYHQWLQJ UHRFFXUUHQFH VKRXOG EH WDNHQ )LQDOO\ D FRVW EHQHILW DQDO\VLV RI WKH UHSDLU FRVWV EDVHG RQ WKH
RXWSXW RI WKH ULVN DVVHVVPHQW ZLOO EH FDUULHG RXW 7KLV ZLOO EH GRQH XVLQJ %D\HVLDQ %HOLHI 1HWZRUNV ZLWK WKH DLG RI
+8*,1VRIWZDUH
7KHQRYHOW\RIWKLVWKHVLVOLHVLQWKHFRPELQDWLRQRIWKUHHGLIIHUHQWPHWKRGVIRUULVNDQDO\VLVDQGFULWLFDOLW\LGHQWLILFDWLRQ
7KH LQWHJUDWLRQ RI WKHVH ULVN DVVHVVPHQWV DSSURDFKHV DWWHPSWV WR HOLPLQDWH WKH GUDZEDFNV RI HDFK RQH DV
PHQWLRQHGDERYHDQGDLGGHFLVLRQPDNLQJLQSODQQLQJDQGLPSOHPHQWLQJ3DLULQJ+$=,'DQG)0(&$PHWKRGV
LQ WKH ILUVW VWDJH RI ULVN DQDO\VLV PDNHV RXU DSSURDFK PRUH FRPSUHKHQVLYH VLQFH LW WDNHV LQWR FRQVLGHUDWLRQ ERWK WKH
PHFKDQLFDODQGWKHRSHUDWLRQDODVSHFWVRIDQRIIVKRUHZLQGWXUELQHVRPHWKLQJWKDWHDFKPHWKRGLQGLYLGXDOO\FDQQRWGR
,Q DGGLWLRQ XVLQJ %%1 DQDO\VLV JLYHV XV WKH RSSRUWXQLW\ QRW RQO\ WR LGHQWLI\ WKH PRVW FRVWO\ FRPSRQHQWV EXW DOVR
FRPSDUH WKH UHVXOWVZLWK WKHRWKHU WZRPHWKRGV UHJDUGLQJ WKHPRVWFULWLFDOFRPSRQHQWVDQG WKHLU IDLOXUHSUREDELOLWLHV
$OVR%%1PHWKRGHQDEOHVXV WR VKRZG\QDPLF LQWHUUHODWLRQEHWZHHQSDUHQWDQGFKLOGQRGHV LQDQHIIHFWLYH IDVWDQG
GLUHFWZD\,WVJUDSKLFDOZD\RIUHSUHVHQWDWLRQGHSLFWVHIIHFWLYHO\DOOV\VWHPDQGFRPSRQHQWVDQGWKHLUFRUUHODWLRQ
5HVXOWV
,QWKLVVHFWLRQWKHUHVXOWVRIWKH)0(&$+$=,'DQG%%1DQDO\VHVDUHVKRZQ,WLVLPSRUWDQWWRPHQWLRQWKDWIRUWKH
SUHVHQWDWLRQRIWKHKLJKHVWUDQNHGFULWLFDOFRPSRQHQWVDQGKD]DUGVWKDWRULJLQDWHGIURPWKH)0(&$IRU5LVN,QGH[DUH
PHQWLRQHGEXWDOVRWKRVHZLWKORZHULQGLFHVEXWVHYHUHFRQVHTXHQFHVOLNHPXOWLSOHLQMXULHVIDWDOLWLHVRUFROODSVHRIWKH
V\VWHPV
FMECA Results
)RUWKHLGHQWLILFDWLRQRIWKHPRVWFULWLFDOFRPSRQHQWVZHYDOXHGHDFKRIWKHFRPSRQHQWV¶IDLOXUHFDXVHVZLWKUHJDUGVWR
GHWHFWLRQFRQVHTXHQFHDQGSUREDELOLW\RIIDLOXUHIRUDOOIRXUFDWHJRULHVRILQWHUHVW7DNLQJDVDQH[DPSOHWKHSLWFKPRWRU
RYHUORDGLQJRQHRIWKHPRVWFRPPRQIDLOXUHFDXVHVEDVHGRQSDVWUHVHDUFKZHFDQH[SODLQWKHUDQNLQJSURFHGXUHPRUH
HIILFLHQWO\5HJDUGLQJ$VVHWZHYDOXHGFRQVHTXHQFHZLWKVLQFHDVKXWGRZQRIWKHWXUELQHZRXOGKDYHPDMRULPSDFWRQ
WKHHQHUJ\SURGXFWLRQ)RUWKHVDPHFDWHJRU\ZHYDOXHGSUREDELOLW\ZLWKVLQFHRYHUORDGLQJLVDFRPPRQLQFLGHQWQRW
RQO\GXHWRVHQVLWLYLW\RIHOHFWULFDOSDUWVEXWDOVRGXHWRKLJKZLQGVFRPPRQLQRIIVKRUHDUHDV$OVRGXHWRSUHVHQFHRI
VHQVRUVWKDWFDQHDVLO\GHWHFWDIDXOWZHUDQNHGGHWHFWLRQZLWK%\WDNLQJWKHLUSURGXFWZHFDOFXODWHWKH531IRUWKLV
IDLOXUHPRGHIRU$VVHWFDWHJRU\ ൌ େ ൈ ୔ ൈ ୈ ൌ 	? ൈ 	? ൈ 	? ൌ 	?	?
&RQVHFXWLYHO\ZHFDOFXODWHGDOO531V IRU WKHRWKHU WKUHHFDWHJRULHV IRU WKLV IDLOXUHPRGHRI3LWFK V\VWHPDQG LQ WKLV
UHVSHFWIRUDOOFRPSRQHQWVDFFRUGLQJO\
$IWHUUDQNLQJWKHFRPSRQHQWVLQWHUPVRI6DIHW\$VVHW(QYLURQPHQWDQG2SHUDWLRQEDVHGRQWKHLU531DVVKRZQLQ
)LJXUHZHFDQVXPPDUL]HWKHUHVXOWVLQRQHWRWDOUDQNLQJRIFRPSRQHQWV7DEOH



7DEOH)0(&$DQDO\VLV5DQNLQJRIFRPSRQHQWVLQWHUPVRI$VVHW6DIHW\(QYLURQPHQWDQG2SHUDWLRQ

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
7DEOH)0(&$DQDO\VLV7RWDOUDQNLQJRIFRPSRQHQWV
7RWDO5DQNLQJ
3LWFKV\VWHP
5RWRUEODGHV
)RXQGDWLRQ
<DZV\VWHP
3RZHUJHQHUDWLRQV\VWHP
&DEOHV
*HDUER[
7RZHU
0DLQIUDPH
5RWRUKXE
7UDQVIRUPHU

$V VKRZQ LQ DERYH 7DEOHV WKH PRVW VHQVLWLYH FRPSRQHQW RI WKH ZLQG WXUELQH LQ WHUPV RI 6DIHW\ LV WKH 7RZHU DV WKH
FRQVHTXHQFHV RI D SRWHQWLDO FROODSVH ZRXOG EH FDWDVWURSKLF QRW RQO\ LQ FDVH RI IDWDOLWLHV EXW LQ DOO FDWHJRULHV
)XUWKHUPRUHWKHDEVHQFHRIVHQVRUVDWWKHWRZHULQFUHDVHVWKHSRVVLELOLW\RIXQGHWHFWHGIODZVWKDWFRXOGOHDGWRDSRVVLEOH
IDLOXUH FRPSDUHG WR RWKHU FRPSRQHQWV 7KH VDPH DSSOLHV IRU WKH IRXQGDWLRQ 7KH VDPH FDQ EH YDOLGDWHG E\
'LQPRKDPPDGL >@ LQ KLV VWXG\ ZKHUH DJDLQ 7RZHU LV UDQNHG LQ WKH ILUVW SODFH $V VHHQ WKRXJK LQ RXU VWXG\ DOO
FRPSRQHQWVKDYHDUHODWLYHO\ORZ531LQGH[DVDWRWDOFROODSVHLVXQOLNHO\
)RXQGDWLRQRQ WKHRWKHU VLGH LV WKH PRVW IDLOXUHSURQH FRPSRQHQWRI WKH ZLQG WXUELQH LQ WHUPV RI (QYLURQPHQW VLQFH
IRXQGDWLRQLVLQFORVHFRQWDFWZLWKWKHVHDDQGWKHVHDEHGDQGDJDLQWKHUHLVODFNRIVHQVRUVVRDQ\DEQRUPDOLWLHVLQWKH
5DQNLQJLQWHUPVRI6DIHW\ 0D[531
7RZHU 
)RXQGDWLRQ 
&DEOHV 
5RWRUEODGHV 
5RWRUKXE 
0DLQIUDPH 
7UDQVIRUPHU 
*HDUER[ 
3LWFK 
<DZ 
3RZHUJHQHUDWLRQV\VWHP 
5DQNLQJLQWHUPVRI2SHUDWLRQ 0D[531
3LWFKV\VWHP 
5RWRUEODGHV 
3RZHUJHQHUDWLRQV\VWHP 
&DEOHV 
*HDUER[ 
7RZHU 
)RXQGDWLRQ 
0DLQIUDPH 
7UDQVIRUPHU 
<DZV\VWHP 
5RWRUKXE 
5DQNLQJLQWHUPVRI$VVHW 0D[531
3LWFKV\VWHP 
<DZV\VWHP 
5RWRUEODGHV 
&DEOHV 
*HDUER[IDLOXUH 
7RZHUIDLOXUH 
)RXQGDWLRQ 
0DLQIUDPH 
7UDQVIRUPHU 
5RWRUKXE 
3RZHUJHQHUDWLRQV\VWHP 
5DQNLQJLQWHUPVRI(QYLURQPHQW 0D[531
)RXQGDWLRQ 
&DEOHV 
5RWRUEODGHV 
7RZHU 
7UDQVIRUPHU 
*HDUER[ 
0DLQIUDPH 
5RWRUKXE 
3LWFKV\VWHP 
<DZV\VWHP 
3RZHUJHQHUDWLRQV\VWHP 


RSHUDWLRQFDQQRWEHGHWHFWHGDQGXQGHVLUHGSUREOHPVVXFKDVYLEUDWLRQFDQEHDPDMRUGLVWXUEDQFHWRWKHVHDOLIH$OVR
URWRUEODGHVFDQEHDGDQJHUWR WKHHQYLURQPHQWDV WKH\DUHUHVSRQVLEOHLQPDQ\FDVHVIRUELUGIDWDOLW\EXWQRWXSWRD
JUHDW GHJUHH $JDLQ 'LQPRKDPPDGL¶V VWXG\ FRPHV WR YDOLGDWH UHVXOWV E\ SODFLQJ 7RZHU DQG )RXQGDWLRQ DV ZHOO DV
5RWRU EODGHV LQ WRS SRVLWLRQV :H FDQ VHH WKRXJK WKDW LQ JHQHUDO WKH 531V DUH ORZ QRW RQO\ EHFDXVH PRVW RI WKH
FRPSRQHQWV DUH QRW LQ GLUHFW FRQWDFW ZLWK WKH HQYLURQPHQW EXW DOVR EHFDXVH OHJLVODWLRQ REOLJDWHV FRPSDQLHV WR WDNH
SURSHUPHDVXUHVIRUHQYLURQPHQWSURWHFWLRQ
$V IDU DV$VVHW LV FRQFHUQHG WKH PRVW VHQVLWLYH FRPSRQHQW RI WKHZLQG WXUELQH LV 3LWFK V\VWHP QRWRQO\GXH WR KLJK
SUREDELOLW\ RI IDLOXUH EXW DOVR EHFDXVH LWV IDLOXUH PHDQV ORZ HQHUJ\ SURGXFWLRQ DQG WKXV OHVV PRQH\ HDUQHG IRU WKH
FRPSDQ\7KHVDPHDSSOLHVIRUWKH<DZV\VWHPEXWDOWKRXJKWKHLUSUREDELOLW\DQGFRQVHTXHQFHLQGH[HVDUHKLJK7KHLU
GHWHFWLRQLQGH[HVDUHORZVLQFHWKHUHDUHDORWRIVHQVRUVWKDWFRXOGLGHQWLI\SRWHQWLDOSUREOHPV0RVWRIWKH531VLQWKLV
FDWHJRU\DUHKLJKVLQFHDQ\GHYLDWLRQIURPWKHQRUPDORSHUDWLRQFRVWVDORWRIPRQH\3LWFKV\VWHPDQG<DZV\VWHPDUH
DOVRLQWKHKLJKHVWUDQNVRIFDXVHVWKDWFDQFDXVHWKHELJJHVWGRZQWLPHLQ15(/VWXGLHV>@DQGWKHWZRFRPSRQHQWV
ZLWKWKHJUHDWHVWFRQWULEXWLRQWRIDLOXUH
)LQDOO\DVDOUHDG\GHSLFWHGLQ7DEOHSLWFKV\VWHPSOD\VDQLPSRUWDQWUROHLQWKHRSHUDWLRQRIDZLQGWXUELQHDVLWLVRQH
RI WKH PDLQ FRPSRQHQWV IRU WKH HQHUJ\ SURGXFWLRQ DQG FRQVHTXHQWO\ LW LV LQ WKH ILUVW SODFH RI WKH FULWLFDOLW\ UDQNLQJ
2SHUDWLRQ FULWHULRQ LV DV ZH FDQ REVHUYH WKH RQH ZLWK WKH KLJKHVW 531 LQGH[HV VLQFH VPDOO RSHUDWLRQ GLVUXSWLRQV DUH
IUHTXHQWGXHWRDQXPEHURIUHDVRQV,WVLPPHGLDWHFRUUHODWLRQWR$VVHWFULWHULRQOHDGVWRVLPLODUUHVXOWV
$VDFRQFOXVLRQZHFDQVD\WKDWWKHPRVWFULWLFDOFRPSRQHQWLVWKHSLWFKV\VWHPVLQFHLWLVDPRQJVWWKHWRSSODFHVLQDOO
UDQNLQJVDQGDVSHFWVRIFULWLFDOLW\&RQVLGHULQJWKDWHOHFWURQLFV\VWHPVDUHVHQVLWLYHDQGSURQHWRIDLOXUHV LW LV MXVWLILHG
WKDW LWVSUREDELOLW\ LQGH[LV UHDOO\KLJKLQPRVWRI WKHFDVHV$OVRDVDOUHDG\VDLG WKHH[LVWHQFHRIVHQVRUV ORZHUV WKH
GHWHFWLRQLQGH[EXWWKHLPSRUWDQFHRILWVPDOIXQFWLRQFDXVHVWKHFRQVHTXHQFHLQGH[WRUDLVH$VDUHVXOWZHKDYHDWRWDORI
531 LQ PRVW RI WKH FDVHV ZKLFK UDQNVSLWFK V\VWHP ILUVW LQ FULWLFDOLW\ WHUPV 7KLV LV IROORZHGE\ URWRUEODGHV DQG
IRXQGDWLRQ WKDW KDYH D KLJK 531 GXH WR KLJK FRQVHTXHQFH LQGH[ VLQFH D SRWHQWLDO IDLOXUH RI WKH EODGHV ZLOO KDYH DQ
LPSDFWRQWKHHQHUJ\SURGXFWLRQDQGDIDLOXUHRIWKHIRXQGDWLRQFDQHYHQWXDOO\OHDGWRIDWDOLWLHV$WWKLVSRLQWZHKDYHWR
VD\WKDWWKHVHUHVXOWVDUHLQDFFRUGDQFHZLWKSDVWVWXGLHVDVDOUHDG\GHSLFWHGLQVRPHH[DPSOHV>
@15(/
3URSHUPRQLWRULQJDQGPDLQWHQDQFHFDQGLPLQLVKWKHIDLOXUHSUREDELOLWLHVIRUPRVWRIWKHFRPSRQHQWV7KXVDVDJHQHUDO
UHFRPPHQGDWLRQWKHPDLQWHQDQFHVKRXOGWDNHSODFHLQVKRUWHUSHULRGVRIWLPHLQVWHDGRIHYHU\WZR\HDUWKDWLVQRZWKH
DYHUDJHSHULRG
HAZID Results
$VIDUDVWKH+$=,'DQDO\VLVLVFRQFHUQHGDJDLQWKHKD]DUGVDUHHYDOXDWHGLQWHUPVRI6DIHW\$VVHW(QYLURQPHQWDQG
2SHUDWLRQDQGVXPPDUL]HGIRUHDFKFDWHJRU\%HORZDUHWKHKLJKHVWULVNVVXPPDUL]HGIRUHDFKFDWHJRU\DQGWKHLUULVN
LQGH[HVLQEUDFNHWV
'XULQJ WKH PDQXIDFWXULQJ SURFHVV LQ 6DIHW\ WHUPV HOHFWULFDO KD]DUG GXH WR KXPDQ HUURU  RU SRRU FRPPXQLFDWLRQ
EHWZHHQZRUNHUVLVDSSHDUVWREHWKHJUHDWHVWKD]DUGZKLOVWLQDOORWKHUDVSHFWVRIWKHPDQXIDFWXULQJSURFHVVWKHULVN
LQGH[HVDUHUDWKHUORZDVPRVWRIWKHZRUNVDUHDXWRPDWHGDQGKXPDQIDFWRULVQRWZLGHO\LQYROYHG26+$DOVRPHQWLRQV
H[SRVXUHWRFKHPLFDOVDVPDMRUIDFWRUZKLFKZDVQRWHWDNHQLQWRDFFRXQWLQRXUVWXG\DVSURFHVVZDVFRQVLGHUHGPRVWO\
DXWRPDWHG
6LPLODUO\ GXULQJ WKH WUDQVSRUWDWLRQ SURFHVV LQ WHUPV RI 6DIHW\ (QYLURQPHQW 2SHUDWLRQ DQG $VVHW FROOLVLRQ EHWZHHQ
&79 )69 -DFNXS YHVVHOV KHOLFRSWHUV DQG ZLQG WXUELQHV GXULQJ ZRUNHU
V WUDQVSRUWDWLRQ GXH WR EDG ZHDWKHU  RU
KXPDQHUURUDVZHOODVORDGIDOOVGXULQJXQORDGGXHWREDGZHDWKHUKXPDQHUURURUSRRUFRPPXQLFDWLRQ
EHWZHHQZRUNHUVVHHPWREHKLJKLQUDQNRISRVVLEOHKD]DUGV%/6DQG26+$UHIHUWRDOORIWKHDERYHFDXVHVRIULVN
GXULQJWUDQVSRUWDWLRQVWDJHVYDOLGDWLQJRXUUHVXOWV
'XULQJ WKH LQVWDOODWLRQ SURFHVV ZKHUH DYDVW QXPEHU RIKXPDQVDUHSUHVHQW 6DIHW\ FULWHULD SOD\ DQ LPSRUWDQW UROH DV
H[SHFWHG DQG KD]DUGV DUH SUHVHQW LQ DOO VWDJHV 0DLQ DUHDV RI FRQFHUQ DUH FROOLVLRQ EHWZHHQ &79 DQG )69 RU ZLQG
WXUELQHVGXULQJZRUNHU
VWUDQVSRUWDWLRQGXHWREDGZHDWKHUZRUNHUV
IDOOIURPKHLJKWVGXHWRKXPDQHUURUSRRU


FRPPXQLFDWLRQEHWZHHQZRUNHUVRUEDGZHDWKHUFRQGLWLRQVHOHFWULFDOVKRFNGXHWRKXPDQHUURURUSRRU
FRPPXQLFDWLRQEHWZHHQZRUNHUV  ILUHRU H[SORVLRQGXH WR IXHOKRVH IDLOXUH LJQLWLRQ VRXUFHVDYDLODEOH IXHO WDQNV
RYHUIORZSRRUFRPPXQLFDWLRQKXPDQHUURUKRWZRUNRQGHFNSRRUKRXVHNHHSLQJRUKRWZRUNGXULQJEXQNHULQJ
 SK\VLRORJLFDO KD]DUGV GXH WR SHUVRQQHO VOLSV WULSV DQG IDOOV  RU PDQ RYHUERDUG  KD]DUGV GXULQJ FDEOH
LQVWDOODWLRQ GXH WR HQWDQJOHG FDEOHV DURXQG IRXQGDWLRQ GXULQJ LQVWDOODWLRQ  RU WUDZOLQJ FDSVL]LQJ IURP DFFLGHQWDO
GUDJJLQJ  ,Q WKH VDPH ZD\ LQ WHUPV RI (QYLURQPHQW $VVHW DQG2SHUDWLRQV PDMRU KD]DUGV DUH GURSSHGVZLQJLQJ
HTXLSPHQWGHYLFHWHWKHUVZKLOHLQVWDOOLQJORZHULQJUHWULHYLQJIURPZDWHUGXHWRSRRUFRPPXQLFDWLRQVWDELOLW\ORVV
RIYHVVHOGXHWRFDUJRVKLIWLQJDQGILUHRUH[SORVLRQGXHWRIXHOKRVHIDLOXUH LJQLWLRQVRXUFHVDYDLODEOHIXHOWDQNV
RYHUIORZ SRRU FRPPXQLFDWLRQ RU KXPDQ HUURU  (YHQ WKRXJK QRW LQ UDWLQJ RUGHU IDOOV ILUH RU H[SORVLRQ DQG
HUJRQRPLFV DUH PHQWLRQHG DV WRS KD]DUGV LQ 26+$ GLUHFWLYHV 7KH\ DOVR DSSHDU LQ KLJK IUHTXHQF\ LQ ,5667 DQG
&DLWKQHVVDFFLGHQWGDWDEDVH
'XULQJ WKHRSHUDWLRQSURFHVVZKHUHKXPDQ IDFWRU LVXVXDOO\QRWSUHVHQWKD]DUGV DUHPDLQO\ OLQNHGZLWK FRPSRQHQWV¶
IDLOXUH,Q6DIHW\DQG2SHUDWLRQDVSHFWVPDLQFDXVHVRIKD]DUGDUHILUHRUH[SORVLRQRIWXUELQHGXHWROLJKWQLQJRU
VWURQJ ZLQGV  ZHDWKHU KD]DUGV GXH WR LFH WKURZIDOO  RU OLJKWQLQJ WUDQVSRUWDWLRQ KD]DUGV GXH WR EDG ZHDWKHU
FRQGLWLRQVRUKXPDQHUURU,Q$VVHWWHUPVDGGLWLRQDOO\WRZHUFROODSVHGXHWREXFNOLQJIDLOXUHGXHWRH[FHHGHG
GHVLJQORDGVRULPSURSHULQVWDOODWLRQRIWKHWRZHUIDVWHQLQJV\VWHPFDQOHDGWRDJUHDWORVVWRWKHFRPSDQ\,Q
WHUPVRI(QYLURQPHQWWKRXJKVHDDQGVHDEHGSROOXWLRQGXHWRQRLVHDQGYLEUDWLRQSOD\VWKHPRVWLPSRUWDQWUROH
6LPLODUO\WRWKH,QVWDOODWLRQSURFHVVGXULQJWKHPDLQWHQDQFHSURFHVVPDMRUKD]DUGVOD\RQHOHFWULFDOVKRFNDQGZRUNHUV¶
IDOO GXH WR KXPDQ HUURU  RU SRRU FRPPXQLFDWLRQ EHWZHHQ FRZRUNHUV  SK\VLRORJLFDO KD]DUGV GXH WR HQWU\ WR
FRQILQHGVSDFHVWDQNVVWRUHURRPVHWFSHUVRQQHOVOLSV WULSVDQGIDOOV RUPDQRYHUERDUGDQGKD]DUGV
GXULQJFDEOHRU IRXQGDWLRQPDLQWHQDQFHGXH WRHQWDQJOHGFDEOHVDURXQGIRXQGDWLRQGXULQJ LQVWDOODWLRQRU WUDZOLQJ
FDSVL]LQJIURPDFFLGHQWDOGUDJJLQJ$OORIWKHDERYHPDLQO\FRQFHUQ6DIHW\$VVHWDQG2SHUDWLRQVFULWHULD2QWKH
RWKHUKDQGLQWHUPVRI(QYLURQPHQWLQWKLVDVSHFWRIPDLQWHQDQFHSURFHVVWKHULVNLQGH[HVDUHUDWKHUORZ
,QDQHIIRUWWRLQWHUSUHWUDQNLQJRIULVNVWKDWDUHSUHVHQWLQHDFKRIWKHVWDJHVRIWKHZLQGIDUP¶VOLIHZHFDQVHHWKDWLQWKH
FDVH RI PDQXIDFWXULQJ LW LV REVHUYHG WKDW WKH ELJJHVW KD]DUG LV HOHFWULFDO VKRFN HLWKHU E\ KXPDQ HUURU RU SRRU
FRPPXQLFDWLRQEHWZHHQ WKHZRUNHUV7KLV LV UHDVRQDEOHVLQFHPRVWRI WKHPDQXIDFWXULQJSURFHVVHVDUHDXWRPDWHGDQG
HOHFWULFLW\ LV WKHRQO\VRXUFHRIKD]DUG WKDWZRUNHUVPD\FRPHLQ WRXFKZLWK7KLVDOVR MXVWLILHVZK\DOO WKHRWKHUULVN
LQGH[HVLQWKHPDQXIDFWXULQJSURFHVVDUHYHU\ORZ
$V IDU DV WUDQVSRUWDWLRQ LV FRQFHUQHG ZH FDQ VHH WKDW FROOLVLRQ EHWZHHQ YHVVHOV RU YHVVHOV DQG RWKHU PHDQV RI
WUDQVSRUWDWLRQ VXFKDVKHOLFRSWHUV LV WKH OHDGFDXVHRI IDLOXUH LQDOO IRXUDVSHFWVRI ULVNDQDO\VLV+XPDQHUURURUEDG
ZHDWKHUFRQGLWLRQVDUHWKHPDLQUHDVRQVIRUWKDW&ROOLVLRQVFDQKDYHDKXJHLPSDFWQRWRQO\LQ6DIHW\VLQFHKXPDQOLYHV
FDQEHORVWEXWDOVRLQ(QYLURQPHQWDVKDUPIXOVXEVWDQFHVFDQEHVSLOOHGLQWKHVHDDQGLQ$VVHWDQG2SHUDWLRQDVORVWRU
GHVWUR\HGFRPSRQHQWVPHDQD ORWRI WLPHDQGPRQH\ORVVIRU WKHFRPSDQ\$OVR ORDGIDOOVGXULQJORDGDQGXQORDGRI
WXUELQHFRPSRQHQWVLVDQRWKHUPDMRUKD]DUGRIWUDQVSRUWDWLRQDVH[SHFWHGHVSHFLDOO\LQWHUPVRI6DIHW\DQG(QYLURQPHQW
IRUWKHVDPHUHDVRQVWKDWFROOLVLRQLVGDQJHURXV
'XULQJ WKH LQVWDOODWLRQ SURFHVV WKH PDMRU KD]DUGV UHJDUG VDIHW\ DV LW LV WKH RQO\ VWDJH RI D WXUELQH¶V OLIH WKDW D ODUJH
QXPEHURIZRUNHUVDUHLQYROYHG$ODUJHUDQJHRIKD]DUGVWKDWFRXOGOHDGWRLQMXULHVRUGHDWKVLVSUHVHQWGXULQJWKLVVWDJH
VXFKDVFROOLVLRQEHWZHHQWUDQVSRUWDWLRQPHDQVIDOOVIURPKHLJKWVHOHFWULFDOVKRFNVILUHVRUH[SORVLRQVEXWDOVRVHYHUH
SK\VLRORJLFDO KD]DUGV 1HYHUWKHOHVV GXH WR LQFUHDVHG QXPEHU RI SURFHGXUHV GXULQJ WKH LQVWDOODWLRQ SURFHVV D ORW RI
GLYHUVHKD]DUGVDSSHDULQWHUPVRIRSHUDWLRQDVVHWDQGHQYLURQPHQWVXFKDVVWDELOLW\ORVVRIYHVVHOVGURSSHGVZLQJLQJ
HTXLSPHQWGHYLFH WHWKHUVZKLOH LQVWDOOLQJ WRZHUFROODSVHGXH WR LPSURSHU WRUTXHLQJRI WKHEDVHRU WUDZOLQJFDSVL]LQJ
IURPDFFLGHQWDOGUDJJLQJ&RQVLGHULQJWKDWWLPHPDWWHUVWRDFRPSDQ\VLQFHLWLVLPSRUWDQWIRUWKHHQHUJ\SURGXFWLRQWR
VWDUWDVVRRQDVSRVVLEOHDOOWKHVHDFFLGHQWFRQVLVWDPDMRUGHOD\WKDWQHHGVGHILQLWHO\WREHDYRLGHG$VVHHQDERYHZH
FDQVD\WKDWLQWKHFDVHRIPDLQWHQDQFHLWLVQRWLFHGWKDWPRVWRIWKHKD]DUGVDUHLQFRPPRQZLWKWKHLQVWDOODWLRQVWDJH
,QWKHVDPHPDQQHULQRSHUDWLRQSURFHVVQRSHUVRQQHORUH[WHUQDOIDFWRUVDUHLQYROYHGZLWKWKHWXUELQH7KXVWKHKXPDQ
IDFWRUGRHVQRWSOD\DQLPSRUWDQWUROHDWWKLVVWDJH6LQFHWKHWXUELQHLVXQPDQQHGVDIHW\LVQRWRIDVJUHDWLPSRUWDQFHDV
LWZDVIRUWKHRWKHUVWDJHV([FHHGLQJORDGVVXFKDVDHURG\QDPLFK\GURG\QDPLFVODPPLQJLFHORDGDQGIDWLJXHIURP
ZDYHV > @ DQGRSHUDWLRQDO PDOIXQFWLRQ WKRXJK FDQKDYH VHULRXV LPSDFWV LQ (QYLURQPHQWDO $VVHW DQG2SHUDWLRQ


WHUPV:HDWKHUFRQGLWLRQVDUHWKHPDLQIDLOXUHFDXVHVGXULQJWKHRSHUDWLRQSURFHVV:HDWKHULVDFRQVLGHUDEOHULVNIDFWRU
DVDOODVVHPEO\WHFKQLTXHVFDQRQO\EHGRQHLQFDOPVHD:RUNEHFRPHVH[WUHPHO\GLIILFXOWRUGDQJHURXVLQURXJKVHD
DQGSURMHFWGHOD\VPD\RFFXU7KHVH WHPSRUDU\ LQWHUUXSWLRQVRIZRUNPHDQKXJH LQFUHDVHV LQ WKHFRQVWUXFWLRQFRVWRI
RIIVKRUHZLQGIDUPV
:HFDQVD\DVDFRQFOXVLRQWKDW6DIHW\LVWKHWRSDUHDRILPSRUWDQFHGXULQJDOOVWDJHVRIDZLQGWXUELQH¶VOLIHF\FOHVLQFH
WKHUHLVLQWHUIHUHQFHZLWKKXPDQOLYHVDQGWKDWFDQEHVHHQIURPWKHKLJKULVNLQGH[HVLQWKHULVNPDWUL[$GGLWLRQDOO\
FDSLWDO ORVVPD\EHRIJUHDW LQWHUHVW WR WKHFRPSDQ\DQGWKDW LVREYLRXVVLQFH$VVHWDQG2SHUDWLRQDOVRKDYHKLJKULVN
LQGH[HVLQPRVWRIWKHIDLOXUHFDXVHVDORQJWKHULVNPDWUL[
(XURSHDQ$JHQF\IRU6DIHW\DQG+HDOWKDW:RUN>@&DLWKQHVVGDWDEDVH,5667>@DQG8$GHSDUWPHQWRI/DERU>@
YDOLGDWHDWDJUHDWSRLQWWKHIUHTXHQF\DQGVHYHULW\RIKD]DUGVZKHUHWKHKXPDQIDFWRULVLQYROYHGDVGHVFULEHGLQDERYH
VHFWLRQV




)LJXUH3DUWRI)0(&$0DWUL[

)LJXUH3DUWRIWKH+$=,'0DWUL[
Undesired event/Hazard Cause Consequences
Risk control 
options/ 
measures
^   K ^   K ^   K ^   K
 ? ?ƌĂŬĞƐǇƐƚĞŵĨĂŝůƵƌĞ
ƌĞĂŬŝŶŐƉŽǁĞƌůŽƐƚ
ĨƌŽŵŽǀĞƌŚĞĂƚŝŶŐŽĨ
ƚŚĞŵĞƚĂůŝŶďƌĂŬĞ
ƌŽƚŽƌƐŽƌĚƌƵŵƐ
^ǇƐƚĞŵĚŝƐƌƵƉƚŝŽŶ ?ďůĂĚĞ
ĚĂŵĂŐĞ ?ĨŝƌĞŽƌƐŚƵƚĚŽǁŶ
  ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?   ?
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BBN Results
%%1PHWKRGFRPSOHPHQWV WKHSUHYLRXVDQDO\VLV FRQGXFWHGXVLQJ+$=,'DQG)0(&$DQGFDQFRQILUPRU UHIXWH WKH
UHVXOWV QRW RQO\ E\ LGHQWLI\LQJ WKH PRVW FRVWO\ FRPSRQHQWV EXW DOVR FRPSDUH WKH UHVXOWV ZLWK WKH RWKHU WZR PHWKRGV
UHJDUGLQJWKHPRVWFULWLFDOFRPSRQHQWVDQGWKHLUIDLOXUHSUREDELOLWLHV7KHNH\IHDWXUHRI%%1VLVWKHLUDELOLW\WRPRGHO
DQGUHDVRQDERXWXQFHUWDLQW\DQGWKHLUJUDSKLFDODUWLFXODWHDSSHDUDQFH
%%1 FDQ EH TXLWH FRPSOH[ DQG LW PD\ EH QHFHVVDU\ WR EUHDN LW GRZQ WR VXEFDWHJRULHV ,Q WKLV FDVH ZH DYRLG
FRPSXWDWLRQDOLQWHQVLYHDQGWLPHFRQVXPLQJSURFHVV,QRXUDSSURDFKZHGLYLGHGWKHPDLQV\VWHPLQWRVXEV\VWHPV
:KHQQHFHVVDU\LQFRPSOLFDWHGV\VWHPVDIXUWKHUGLYLVLRQZDVPDGHWRVLPSOLI\WKHFDOFXODWLRQVLQWRFDWHJRULHVVXFKDV
HOHFWULFDOIDLOXUHVWUXFWXUDOIDLOXUHKXPDQHUURUDQGH[WHUQDOSDUDPHWHUVDVLQEHORZ)LJXUHV
0RUH VSHFLILFDOO\ WKH VXEV\VWHPVZHUH&DEOHV)RXQGDWLRQ<DZ7UDQVIRUPHU7RZHU5RWRUEODGHV3LWFK0DLQ
IUDPH3RZHUJHQHUDWLRQ5RWRUKXEDQG*HDUER['XHWRSOHWKRUDDQGGLYHUVLW\RIIDLOXUHPRGHV&DEOHVVXEV\VWHPZDV
IXUWKHUGLYLGHG LQWRHOHFWULFDO IDLOXUHVWUXFWXUDO IDLOXUHDQGH[WHUQDOSDUDPHWHUV)RU WKHVDPHUHDVRQV)RXQGDWLRQZDV
GLYLGHGLQWRVWUXFWXUDOIDLOXUHIDWLJXHDQGKXPDQHUURUV,QDVLPLODUZD\3LWFKV\VWHP¶VVXEFDWHJRULHVZHUHVWUXFWXUDO
IDLOXUHHOHFWULFDOIDLOXUHRYHUORDGLQJDQGRWKHUFDXVHVVWUXFWXUHVDVVKRZQRQRWKHUVWXGLHV>@
$IWHULPSOHPHQWLQJWKHGDWDIRUHDFKVXEFDWHJRU\DVIRUH[DPSOHVKRZQLQ7DEOHIRU3LWFKV\VWHPZHLGHQWLILHGDQG
UDQNHG WKH PRVW FULWLFDO FRPSRQHQWV DQG WKHLU SUREDELOLW\ RI IDLOXUH 7DEOH ,Q WKH ILQDO VWDJHV RI RXU DSSURDFKZH
LQFRUSRUDWHGWKHDQQXDOFRVWHVWLPDWHIRUHDFKFRPSRQHQWLQRUGHUWRJHWDQDSSUR[LPDWLRQRIWKHWRWDODQQXDOFRVWLQFDVH
RIIDLOXUH

)LJXUH%%1GLDJUDPVKRZLQJSRVVLEOHIDLOXUHFDXVHVRIDZLQGWXUELQH¶VSLWFKV\VWHP




)LJXUH%%1GLDJUDPVKRZLQJSRVVLEOHIDLOXUHFDXVHVRIDZLQGWXUELQH¶V\DZV\VWHP

)LJXUH%%1GLDJUDPVKRZLQJSRVVLEOHIDLOXUHFDXVHVRIDZLQGWXUELQH¶VWUDQVIRUPHU




)LJXUH%%1GLDJUDPVKRZLQJSRVVLEOHIDLOXUHFDXVHVRIDZLQGWXUELQH¶VFDEOHV
7DEOH)DLOXUHSUREDELOLWLHVRIIDLOXUHFDXVHVIRU3LWFKV\VWHP>@
8QGHVLUHG
HYHQW+D]DUG &DXVH )DLOXUHSUREDELOLW\
3LWFKV\VWHPIDLOXUH )ULFWLRQH[FHVVLYHZHDUJHWWLQJVWXFNFDXVLQJIDWLJXH 

0D[LPXPUSPGXHWRLQWHUQDO
OXEULFDWLRQDQGOXEULFDQWILOP 
 2LOOHDNDJH 
 2YHUKHDW 

6WUXFWXUDOIDLOXUHRIOLQNGXHWR
H[FHVVLYHORDGV 

6XSSRUWEHDPIDLOXUHRU
RYDOL]DWLRQGXHWRH[FHVVORDG 

$FWXDWRUVOHHYHIDLOXUHGXHWR
H[FHVVORDG 

%UHDNXSRIUROOHUVDQGUDFHZD\
VXUIDFHRISLWFKFKDQJHEHDULQJ
GXHWRH[FHVVORDG 

7KUXVWULQJIDLOXUHGXHWR
H[FHVVORDGV 

3LWFKEUDNHHOHFWULFV\VWHP
PDOIXQFWLRQ 
 3LWFKPRWRURYHUORDGLQJ 




7DEOH%%1DQDO\VLV)DLOXUHSUREDELOLWLHVRIWKHFRPSRQHQWV
5DQNLQJRIFRPSRQHQWV )DLOXUHSUREDELOLW\
<DZV\VWHP 
5RWRUEODGHV 
3RZHUJHQHUDWLRQV\VWHP 
*HDUER[ 
)RXQGDWLRQ 
3LWFKV\VWHP 
0DLQIUDPH 
7UDQVIRUPHU 
5RWRUKXE 
&DEOHV 
7RZHU 
$IWHULPSOHPHQWLQJEHORZFRVWGDWDIRUWKHFRPSRQHQWVLQWRWKH%%1QHWZRUN
7DEOH$QQXDOFRVWHVWLPDWHIRUDQRIIVKRUH0:WXUELQH>@
&RPSRQHQW &RPSRQHQWFRVWLQ
)RXQGDWLRQ 
5RWRUEODGHV 
5RWRUKXE 
3LWFKV\VWHP 
1DFHOOH 
6KDIW 
%HDULQJV 
*HDUER[ 
%UDNHV\VWHP 
*HQHUDWRU 
(OHFWURQLFV 
<DZV\VWHP 
0DLQIUDPH 
(OHFWULFDOFRQQHFWLRQV 
+\GUDXOLFV 
7RZHU 
)RUWKH:LQGWXUELQHDVDWRWDOZHFDQVXPPDUL]HWKHIROORZLQJ
7DEOH6XPPDUL]HGZLQGWXUELQHUHVXOWV
:LQGWXUELQH
7RWDOSUREDELOLW\RIIDLOXUH 
7RWDODQQXDOFRVWLQFDVHRIIDLOXUH 
7RWDODQQXDOJDLQLQFDVHRIQRWIDLOXUH 

)RU WKHFDOFXODWLRQRI WKHZLQG WXUELQH IDLOXUHSUREDELOLW\ WKHGDWDXVHG IRU HDFKFRPSRQHQW¶V IDLOXUHDUHQRW DEVROXWH
IDLOXUHSUREDELOLWLHVRIHDFKVXEV\VWHPEXWSHUFHQWDJHFRQWULEXWLRQWRWKHRYHUDOOIDLOXUHRIDWXUELQHDVDFWXDOILJXUHVDUH
KDUGWRILQGLQWKHQHZO\HVWDEOLVKHGZLQGHQHUJ\LQGXVWU\2QWKHRWKHUKDQGWKHILJXUHVRIWKHIDLOXUHFDXVHVRIHDFK
FRPSRQHQWDUHWDNHQIURP25('$RLO	JDVKDQGERRNDQGDUHDFWXDO7KXVWKHUHLVDOVRDSDUDPHWHURIXQFHUWDLQW\DQG
HUURULQWKHFDOFXODWLRQV
7KDWLVPRVWOLNHO\WKHPDLQUHDVRQIRUREWDLQLQJVXFKDKLJKSUREDELOLW\RIIDLOXUH7KHWRWDODQQXDOFRVWLQFDVHRIIDLOXUH
LV  WKDW LV UHODWLYHO\ ORZ FRPSDULQJ WR WKH FRVW RI WKH FRPSRQHQWV UHVSHFWLYHO\ VLQFH WKH WRS FULWLFDO
VXEV\VWHPVDUHUHODWLYHO\LQH[SHQVLYH
+HUHZHSUHVHQWWKHUDQNHGIDLOXUHPRGHVIRUILUVWWKUHHFULWLFDOFRPSRQHQWVDVDQH[DPSOHRIIDLOXUH


7DEOH)DLOXUHPRGHVDQGSUREDELOLWLHVIRUWKH\DZDQGURWRUEODGHVV\VWHP
<DZV\VWHP
,QVXIILFLHQWWRUTXHWRGULYHPRWRUIURP
LQWHUQDOOHDNDJHRUYDOYHIDLOXUH


)DLOXUHWRSLQLRQURWDWLRQIURPEORFNDJHRU
IRUHLJQREMHFWEHWZHHQJHDUWHHWKVKHDUHG
VKDIWRUFUDFNHGSLQLRQKRXVLQJDQG
EHDULQJ

5RWRUEODGH 

5RWRUOLJKWQLQJ


3RZHUJHQHUDWLRQV\VWHP
6OLSULQJIDLOXUHGXHWRPLVDOLJQPHQW
SHDULQJVWXFNOLJKWQLQJRUGLUW\LQVXODWLRQ


,QFRUUHFWVLJQDORQVWDELOL]HUFLUFXLWGXHWR
VHQVRUIDLOXUH


8QDXWKRUL]HGHQWU\GXHWRYDQGDOWKLHIRU
FXULRVLW\VHHNHU


([FLWDWLRQLQFRUUHFWRXWSXWGXHWRDJHRU
FLUFXLWGHWHULRUDWLRQ


&ORVXUHIDLOXUHRQOLQHJURXQGFXUUHQWUHOD\
GXHWRORVVRI&7VLJQDOUHOD\PHFKDQLFDO
RUHOHFWULFDOIDLOXUH


$VPHQWLRQHGDERYHWKHYDOXHVXVHGLQWKHFDOFXODWLRQVDUHWDNHQIURPWKH25('$+DQGERRNWKDWLWLVPRUHVSHFLILFDOO\
IRURLODQGJDV LQGXVWU\6LQFHRIIVKRUHZLQG WXUELQHVDUHD UHODWLYHO\QHZZD\RISURGXFLQJHQHUJ\ WKHUH LVD ODFNRI
DFFXUDWH GDWD UHJDUGLQJ ULVN DQG FULWLFDOLW\ DQDO\VLV VR WKHUH LV D SDUDPHWHU RI HUURU LQ WKH FDOFXODWLRQV DOWKRXJK ZH
FRPSDUHVLPLODUHTXLSPHQWW\SHVDQGRSHUDWLRQDOFRQGLWLRQV
'HVSLWHWKLVUHVXOWVKDYHDQDGHTXDWHOHYHORIDFFXUDF\DQGFDQEHYHULILHGE\SDVWVWXGLHV7KHV\VWHPZLWKWKHKLJKHVW
IDLOXUHSUREDELOLW\ LV \DZ V\VWHPDQG LV IROORZHGE\ URWRUEODGHV DQGSRZHUJHQHUDWLRQ V\VWHP$W VRPHSRLQW WKLV LV
MXVWLILHGDVDOORIWKHPDUHHOHFWULFDOV\VWHPVDQGWKH\DUHPRUHVHQVLWLYHWRIDLOXUHVWKDQPHFKDQLFDOV\VWHPV
7KHRYHUDOOIDLOXUHSUREDELOLW\RIWKHZLQGWXUELQHLVUHODWLYHO\KLJK7KLVFDQEHGXHWRGDWDHUURUVLQFHWKHYDOXHVXVHGDV
IDLOXUHSUREDELOLWLHVRIIDLOXUHFDXVHVDUHWDNHQIURPWKH25('$KDQGERRNZKLFKLVPRUHVSHFLILFDOO\XVHGIRURLODQG
JDV LQGXVWU\$QRWKHUSDUDPHWHU RI HUURU LV LQVHUWHGZLWK WKHXVHRISHUFHQWDJH FRQWULEXWLRQRI HDFK VXEV\VWHP WR WKH
RYHUDOOIDLOXUHRIDWXUELQHLQVWHDGRIDEVROXWHIDLOXUHSUREDELOLWLHV
7KHRYHUDOOFRVWRIWKHZLQGWXUELQHLQFDVHRIIDLOXUHLVUHODWLYHO\ORZFRPSDULQJWRWKHFRPSRQHQWV¶FRVWVUHVSHFWLYHO\
VLQFHWKHWRSFULWLFDOVXEV\VWHPVDUHUHODWLYHO\FKHDS
9HULILFDWLRQ RI SUHVHQW VWXG\ FDQ DOVR EH DFKLHYHG E\ FRPSDULQJ WKH UHVXOWV RI %%1 WR WKH RQHV IURP )0(&$ 7KH
UDQNLQJRIWKHFULWLFDOFRPSRQHQWVGHULYLQJIURPRIWKH+8*,1SURJUDPLVXSWRDVDWLVIDFWRU\OHYHOVLPLODUWRWKHUHVXOWV
IURP)0(&$DQDO\VLV<DZV\VWHPSRZHUJHQHUDWLRQV\VWHPDQGJHDUER[DUHLQERWKUDQNLQJDPRQJVWWKHILUVWSODFHV
2QHPDMRUGLIIHUHQFHLVWKHSRVLWLRQRISLWFKV\VWHPWKDWLVRQWKHWRSRIRQHOLVWDQGUDWKHUORZDWWKHRWKHU
&RQFOXVLRQVDQGUHFRPPHQGDWLRQVIRUIXWXUHUHVHDUFK
5HOLDELOLW\SUHGLFWLRQLVFRQVLGHUHGDVDFUXFLDOPHDVXUHWRXQGHUVWDQGV\VWHPSHUIRUPDQFHIRUPLQLPL]LQJPDLQWHQDQFH
FRVWDQGPLWLJDWHXQQHFHVVDU\GRZQWLPH,QDGGLWLRQLPSHUIHFWPDLQWHQDQFHLVLGHQWLILHGDVRQHRIWKHW\SLFDOGUDZEDFNV
LQ RSHUDWLRQ DQG PDLQWHQDQFH SUDFWLFHV WKDW UHGXFH V\VWHP UHOLDELOLW\ ,Q WKLV ZRUN ZH XVHG D FRPELQHG UHVHDUFK


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